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(57) Abstract: A high-temperature burner is provided 
that is suited for the incineration of shredded plastics, 
tires, carpet or similar materials. The burn»* walls (10) 
are protected firprri ^e heat of the ongoing conibustion 
reaction (90) by an annular curtain (85) of wator vapor 
or carbon dioxide that takes the radiant heat energy of 
the high-temperature combustion reaction. .The annu- 
lar curtain removes the heat energy from the vicinity 
. (12) of the burner walls before the. energy can be con- 
veyed to them. Higher temperature combustion can be 
attained without resorting to jacketed burner construe- 
tion or the use of refractory materials. 



wo 02/063212 Al lilliiilliiliiiliyillililliOliiilB 



Pu^blish^^^ : . t , ; Fpr two-Utter codes tmd otl^^ 

:( C r^S ance Notes oh Codes, and Abbr 

— before the expiration of the time limUf^^^ ning of each regular issue of the PCT Gazette, 
claims and to be . republished in the event of receipt of 
' amendments 



wo 02/063212 



PCTAJSOl/50796 



BDjRMER FOR HIGH -TEMPERATURE COMBUSTION 

BACKGROUND OF THE PRESENT INVENTION 
SUMMARY OF THE PRIOR ART 

This invention, relates to a biirner , and more 
particttlarly to a burner for high t^enperature 
conibustlon wherein the interior burner wall is 
protected from the heat of combustion by a primarily 
gaseous shield, ajn^d wherein the gaseous, shield is 
substantially made up of water vapor or carbon dioxide 
or a combination of water vapor and carbon dioxide. 

High temperature combustion reactions are useful, 
because they encourage the conversion of carbon 
monoxide to carbon dioxide, the combustion of 
relatively large organic molecules , and the combustion 
of "soot." The high temperature combustion reaction 
results in less production of pollutants than a lower 
temperature combustion, given the same source of fuel. 

The use of burners to produce or contain high 
temperature combustion reactions is well known, and a 
variety of methods have been adopted to permit high 
combustion temperatures. As the temperature of the 
combustion reaction is increased, such as occurs when 
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the oxidizing agent is enhanced air (air having more 
than the naturally occurring fraction of oxygen) or 
near pure oxygen, it becomes necessary to either 
fabricate the burner from heat resistant materials 
such as refractory, (or so-called refractory metals) 
.or to provide : f or a means to cpol the burner walls, 
i • e i remove the heat eriergy that is delivered to the 
burner walls by the, combustion reaction. * 

Refractory materials, whether ceramic, or 
metallic, tend to be more costly from both raw 
material and fabrication aspects, than commonly 
fabricated materials such as low alloy steels . 

VShile a cooling jacket provicies means for cooling 
the. walls of a burner, the construction of a cooling, 
jacket adds: a fabrication cost that may be desirable, 
but is not necessary to the practice of the present 
invention, 

US Patent 4,416,613 to Barlsoff discloses a 
blowpipe (tubular ) burner where the flame is contained 
in the tubular burner, and the burner incorporates a 
jacket carrying air as a coolin gv medixjm. Ambient ai r 
: passes through the jacket in a counter flow direction, 
and all of the cooling air is discharged through the 
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combuistidn process. Some of the codling air is used 
in the combustion process, and the balance of the 
cooling air is "e>qpelled through annular end (27) as 
a.n annular gaseous shield {32) between the outer wall 
of the inner txibular shield (25) and the central flame 
(33)." Barisoff at Column 3, Line 23. 

Theannular gaseous shield of the present 
invention differs from the one taught by U.S. Patent 
4,416;613 to Barisoff in important aspects . For 
' example/ the invention of Barisoff uses only air as a 
cooling medium/ while the present invention uses a gas 
that is primarily made up of water vapor or carbon 
dioxide / as opposed to th^ incidental amox^ of water 
vapor and carbon' dioxide present in ambient air . 

us pateht> 5/372,^ 857 to Browning discloses- a 
tiibular burner where the combustion process proceeds 
within an internal tube / and where a jacket is 
provided and the cooling mediiom in the jacket is 
described as being steam. The inventor notes that 
cooling is achieved by the evaporation of water 
passing over (outside) of the t\abe that contains the 
combustion reaction (Column 1/ line 39 and Column 3, 
lines 8-11 and lines 21-23). 
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US Patent 4/931rQ13 to BrahnO^a^^^ 

discloses, a burner that has concenJ:ric passages for 
the; pagsageyof ^ir> fuel and. oxygen. These passages 

; ■ ; /:^3^ e ; irtt end^d^^ ; f ?Lci li t a. t e thi^ ifidL3d,i>g^ ^^p th^ s e t:Jix ee 
vconstituents at th^ end or.vfiace o£ the where a 

combustion reaction is taking place The concentric 

V structui-e is disclosed, arid vthe body o£ the disclosure 
. descr ibe^ the cpolihg f eq t ■ ■ aC ; pa^^ing kcpinbus t ion air 
thrQugh; the burner so as to obviate the need for 
.addi tional burner; cqpla^ , Thistappair at : <i^es npt 
contain the flame or .combust ion process,-- rather the 
cooling vis d protect th^ .burn^ 

;-/;y; ■ ■■;;USv:^Patent 5v;2^^^ 

burner jthat^^h^ fox the passage of 

air, fuel and oxygen. Jt appears to have the same 
general. Kphjec^^ the v ^f pi3Vpatent , -and :h^ a 

j acket that is arranged to cool the Outside wall of 
the .burner .^^^^^ BlXil . 

US,; Patent 5^ 454^ 71 tp .T?a>^ a buryi^r 

: where .the burner ^ i from the highest heat of 

: ^ the flame, swirling f low of .air 

that : joins the .combustion at a jii s trance frpm th^ 
burner . 
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US Patent 4,642,047 to Gitman discloses a burner 
having a liquid- filled cooling jacket. 

US. Patent 4,666,397 to Wanning, et al discloses a 
burner that has a. hollow* nozzle that can be cooled by 
flowing a medium within the hollow nozzle section, 
outside of the volxame occupied by the combustion 
reaction, 

US Patent 4,887,800 to Hotta, at al discloses a 
nozzle for burning coal, where the nozzle is cooled by ,t 
a water j acket . 
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SUMMARY OF THE PRESENT INVENTION 

Thte present invention contemplates a txibular 
burner unit (typlicsLlly a hollow cylindrical shape) 
having means to introduce a fuel and an oxidizer to a 
• central area at one end of the burner , and may be 
provided^ >^ith a meatris of igniting the ftxel . A burner 
unit according to the present: invention will also ^have 
openings at or near the combustion initiation end of 
the burner for the introduction of a gaseous medium 
that will flow in a curtain-like fashion close to the 
interior wall of the burner . The gaseous medium 
provided is made up of a substance that has a 
relatively high heat capacity (i.e. requiring a 
relatively high amount of energy to raise the 
temperature of a unit of mass), such as water or. 
carbon dioxide, as opposed to using an air -like 
mixture for the transfer of some of the heat energy. 

The temperature of combustipn tends to increase 
as the oxidizer becomes more concentrated, i.e. ,as 
the percentage of oxygen in the oxidizer increases, so 
does the temperature of <:omb\JLstion. When nearly pure 
oxygen is used, a very high temperature is produced^ 
in some cases as high as about 5,000 degrees 
Fahrenheit. The use of high oxygen concentrations is 

Page - 6 
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desirable to minimize the production of oxides of 
nitrogen, but results in a flame that is very bright 
ajid radiant • 

The present invention relies on an annular stream 
or cur tain /.made up primarily of -water vapor or carbon 
dibxide or a mixture of water vapor an^ carbon 
dioxide, disposed between the .combusti reaction and 
the inside wall of the burner. The annular streeim of 
cooling medium functions to intercept : and absorb some 
of the heat of combustion before it can be trcinsmitted 
to the wall of the burner by the radiated, conducted 
and convection heat energy of the combustion reaction. 
Water vapor and carbon dip are desir this 

function biscause these compounds are rielatiyely 
efficient and ready absorbers of t:he energy radiated 
by the incandescent light of the high temperature 
combustion reaction. 

It is possible to. qpntsrpl or modulate the 
temperature of the burner wall by varying the mass 
flow rate and composition of the cooling medium, e.g. 
by chcingirig the ratio of water yapor to carbon 
dioxide, or by introducing other . constituents to the 
cooling medium stream, or by regulating the incoming 
temperature of the gaseous cooling medium, or by a 
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cbirdDinatioh 

Because it is possible to maintain the 
. teinper atuire of the burner tube with the annular stream 
5 bf cooling rnediiim> it becomes ^unnecessary to provide 

■ for coDlihg'b^^ oxitiside. A 

bur her^%cdo : the- pir ese^ xnA^entipn caiiK hSve a 

burner tube that^xs e^f f iciently insulated (such as 
with a vacuum jacket or other heat insulating medium), 
10 contoustion to be ca 

' gaseous^ cooling rtie^^^ 

It is an object; of the present inventi^^ 
; reduce the a&ouht df Verier gy trMxsm 
15 of. a burner > i?6; that a^ given vburner m^ be operated at 

a higher combustion temperature than.it could be, 
without the; gaseous cur tain^^ 

It is an object of the present invention to 
20 provide a: low cost ^^^a^ for performing high 
^temperature incineratioh. 

It -is a further object of the- present invention 
to enable the combustion^ of . fuels using nearly pure 
25 oxygen, in order :to minimize the production of oxides 

of nitrogen. 

Page - 8 \ . 
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The present invention relates to a btizner for 
high- tender ature combustion that may be adapted and 
adjusted to optimize;, the combustion reaction. 
Specific f eat\irea of -the apparent 
from the above and from the f of 
the illustrative: embodi^len the 
attached drawings, and ,the appended . claims . . 

In summary, and in accordance with the above 
discussion, the foregoing objectives are achieved in 
the following embodiments . 

1. A high- temperature burner comprising^: 

a hollow burner tidDe having a combustion end / an 
open discharge end, and an interior wall; 

a burner cap located^ at , the . combustion end of the 
hollow burner tube; 

a fuel delivery means in the burner cap, having 
an opening for the, dis charge ^ 9^^^ to the interior 

of the hollow burner. tube>. where, the opening for. 
discharging fuel is located near the longitudinal aixis 
of the hollow burner tube ; 

. an oxidizer delivery means in the burner cap, 
having an opening for the discharge of oxidizer tp the 
interior of the hollow burner tube, where the opening 
for discharging the oxidizer is located between the 
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longitudinal axis of the hollbw burner txibe and the 
interior wall of the hollow fcfurner tube; and 

cool iiig m^diuin del ivery means in the burner cap , 
: liaying an, ppehiiig ' f of ■ tt^e d^^ a^ cQpling 

me^di\im tcS "the interior of the; hollow burner tub^ , 
where the opehi ng for dischargihg the cooling miedium 
iis' ■ lbcate0'^t)etwe§i^^ the 
oxidizer and the interior wall of . the hollow burner 
tube, 

2. A high temperature burner as describ 
Paragraph 1 where the hollow burner tube is made of a 
ceramic material- . 

3 . A high temperature bur ner as described in 

' Par agraph- 1: where the hollow burner tube is made of . 
isilicon ; carbide material . . 

4 . A- high temperature burner as described in 
Patagr^^)!^^^^^ 

okidi zer is a ser ies of ; ahnular - spaced holes and the 
opening for discharging the .cooling mediinn is a series 
o^f annul cir - spaced holes . 

5- A high temperature burner as described in 
Paragraph 1 where the opening for discharging the 
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oxidizer is an aimular shaped hole, and the opening 
for discharging the cooling . medium is an annular 
shaped hole . . 

6. A method of burning materials comprising: 
: { a) . providing a burner having 

a hollow burner tube having a combustion 
end, an open discharge end, and an interior 
wall; 

a burner cap located at the combustion end 
of the hollow burner tube; 
a fuel delivery means in the burner cap, 
having an opening for the discharge of fuel 
to the interior of th^ tube, 
where the. opening for discharging fuel is 
. locatjsd near the longitudinal axis of the 
hollow burner tube; 

an oxidizer delivery means in the burner 
cap, having an opening . for the discharge of 
oxidizer to the interior of the hpllpw 
burner tube, where the opening for 
discharging the oxidizer is located between 
the longitudinal axis of .the hollow burner 
tube cind the interior wall of the hollow 
burner tube; and 

cooling medium delivery means in the burner 
Page - 11 
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bap, having an opening for the discharge of 
a cooling medium to the interior of the 
hollow burner tube, where the opening for 
discharging the cooling medium is located 
between the opening for discharging the 
oxidizer and the interior wall of the hollow 
'burhe±"\tuB ^^r--'— 

(b) providing a fuel to the fuel delivery means aind 
an oxidizer to the oxidizer deliver means; 

(c) initiating a combustiori reaction between the fuel 
and the oxidizer to-prbducie hot exhaust products; 
and' ■ " 

(d) providing a gaseous cooling medium to the cooling 
medium delivery means a f Ipw of 
gia^ebus' cooling medium b combustion 
reaction emd the intej:ipr wall of the hollow 
burner tube. 

7. A method of burning. materials as described in 
Paragraph 6, where the gaseous cooling medium is 
primarily water . 

8. A method of burning materials as described in 
Paragraph 6/ where , the gaseous cooling medium is 
primarily a mixture of water and carbon dioxide. 

' Page - 12 
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9. A method /pf burni^ as described in < 

Paragraph 7 further comprising 

(eX , ,dixe hot e>diau3t products to a heat 

excha:nger ; and . ^ l 

5 , (fi tra,nsferring, some of the heat of the hot 

• ' ? . . V ; ^exhaust .^roc^ 

• *»..■■ .. . 

10 ... A method4bf burning 
in Paragraph 6, where the; pxid^ is enriched air 
10 " haying at lieast 28 percent oxygen; ga^^ > . ^ 



15 



^ . XI . A method bfv^ as described 

in: ^rkgix^ ; V7he?:e the gai^edus ' Cooling/ medixain- Is 

• ^'\'"primar iiy'ywater^^^^ ; v;;-^^.-^^-.-.^.-'^, v-'"-;;;'^ ^. v...' •..j^.w^.wv..:^. ...» » 

1 2 . A met:hbd^pf burning jtia^^ as described 

in Par agr apli^ 3L0 / where the gaseous cooling medium is 
primarily a mixture of >^atter and carbon dioxide / 



20 13> -A method of V burni 

in : Paragraph^^^^^^^ Cidir^rising: 

(e) directing the hot exhaust prpdiictsf to a heat 

■ exchaiiger ; . a^ 
(f ) treuisf^rting so^^^^ the heat, pf r the hot 
25 exhaust, products to the .cpoling medium, 

Paige - 13 
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14 . A method^df burning^ as described 

in Paragraph 12, where the gaseous cooling medium is 
pa.rtial:ly made of the hot exhaust pro<iucts -of the 
combustion reaction. ^ ^r . . ^ 

15, A method of burning materials as described 
in Paragraph 14, further comprising: 

^ ' (e) directing the hot exhaust products to a heat 
exchanger; and * 
" (f) transferring some of the heat of the. hot 
■exhaust ^products to the coolingv 
^ ^ the heat exchanger ^ . ^ 
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BRIEt' DESCRIPTION OP THE DRAWINGS 

Figure 1 is a partially cutaway elevation view of 
a burner iUn^^ one, embodimerit of^^^t^ present 

invention. . 

Figure 2 is . a sectional view taken 
direction of line "II -II" of Figure 1 and shows an end 
view . of . one ernbbdiinent of . a burner cap according to 
the present invention. ^ ' ■ 

. . . '• .. . . ' I. 

; Figure .3 :>is a ;sectionaL .view taken in the ' 
direction of line "III-III" of Figure 2. 

"> \ , ♦ , ,. 

Figure 4 is a sectional view of an alternative 

/■design'H.qf i^-. 

Figure 5 is a block diagram of a method of 
burning f\iel using a burner of the, present invention. 
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DESCSR 

OF THE PREI^ IBNT liSIVfeiaTION 

' In one exriDOdimetit , the burneii of the present 
invention comprises a hollow .cylindrical' biirhet 
aiid a cap ;f or the discha^^ dEuel, , oxidize:r: a^ the 

gaseous cooling medium to the interior of ' the hollow 

■ ■'butner\'''tiil3e -■■■v^?.'/ • ■ * • v-- . ....... . 

It is not necessary that the bu^ 
cylindrical/ and various shapes may prove 
advantageous/A depending- on the materials aiiid: 
fabrication methods appropriate for : 
as well as to ^suit various combustion reactions . 

Figure 1 is a partiairy cutaway^ eievation^^^^^ of 
a burner unit of one embodiment according to the - 
present invention. 

The burner "is made- up of hollow^^^^^^c^ 
L burner tube 10 that will contain the combustion 

reaction and burner cap 20 that has openings for the 
introduction of .fuel> oxidizer and cooling medium- to 
the inside of the burner tube*. Burner cap 20 
comprises means 30 for delivering fuel 83, means 40, 
42 for the delivery of an oxidizer 84, and means 50 , 
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52 for the delivery of the; cooling medium 85 ^ 

/ . . ' . .. • ; ■. - . ■ • . . *-.-•* ^ 

^ -■ . . ' - . 

The combust ion; react ion fuel 83 and 

the oxidizer 84 is repre sen tied.* as flame 90 in Figure 
5 1. Some of the heat from the combustion reaction is 

radiated" toward t inside v wall 12 of vthe burner tube 
10 . The cooling meidiurh 85^ f^ 

shield 85' that is disposed between the combustion 
reaction; 9(0 and the; inter iorrwallv 12; of ^ thei burner 

10 . . -. tube": 10..^-^ ' .\..-.^V- :^ • 

: ' The simple sha^e^^^^ to - 

be cost^ieffeQt^ re^fractory 
materials, such* as^Silicoh CarbideV The per for ma^^^ 
15 ^ of :^ the ' burner - acciprd^ ihyfentiph* is 

\ enhaiieie^ 

r e f 10c t iy <0 . ; Highly : r ef led t:iy e in ter idr wal 1 s^ 12 wi 1 1 
' * ^ . • ^ redirect eneirgy^^^^ cbmbustion^ ^ 

^ shield: j^^^ an4 f 1^ r edw^jfe- / 1^ tr arisf er of ^^heat 

20 'energy - to^'bu^ -"'^''^ - ■-■^>^ v^^:.'- 



• ^v? in" the; p^ tube is 

about 1 , 200- /aboutv 450 K 

.millimeters in outside diaimeter , and ha:s a wall 
25 . thickness of about 10 milliiheters .'^ • 
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Figure 2' is a ^sectional view taken in the 
direction of line -II " of Figure 1 and shows an end 
view of one embodiment of a burner cap . according to 
,the present invention'. 

' Figure 3 is a sectional view taken in the . , 
direction of line "III-III" of Figure 2. 

In the burner cap configuration, illustrated by- 
Figures 2 and 3, the oxidizer and cooling medium. are 
discharged into the combustion area via a series of 
^ holes , space<i dn^ am.- annular pattern. . ^ , • 

In the burner cap construction illustrated, in 
Figures 2 and 3, Fuel 83 isi introduced to burner cap 
20 via hole, 31, and., fuel delivery means 30 , (30a) .v The 

. fuel- will exit the burner cap through centrally ^ 
located .fuel discharge hole ^23. The size and shape of* 

, the fiiel^ discharge is varied to suit the/ fuel being 
consumed. For example, fuel, discharge opening 23. may 
be shaped to create, high fuel velocity or atomization,^ 
may be positioned^ away from face 29 of burner cap 20, 
or may, be- made up . of , multiply openings . 

Oxidizer 84 iss>introduced to . bxirner cap 20* via 
Hole 41 and oxidizer delivery means 40, 42 (42a) . The 



oxidizer enters oxidizer plenum 43ar and exits the 
burner cap through multiple oxidizer discharge holes 
24 . r^.^'llijeiv^s^ directional arrangement of 

the?^ aEuel a and pxidi ?err: d^^ ge hpl es may; be v. yar i ed to 

sui t i^yar i .^^ For - 

- e^amp f i t;h^)cpxidi:?^^ p deli vei^\ho lejs^^ b^ -angl^ s o 

as t;^^^^ swir lihg -m^ 

vreactioii/^ c:^^^ ;tp; f orm a. dpnical 

shape < i^ e >:<>r each;^^ z er^ ; str earn meet in a v common 

/:ap^x;;f lbick distahxie/ f f acei-:29) , 

could .be ; directed isoi ^s to fbrm a cy^iindrica^^^^^ 
(i^; e . each oxidiz feeing directed- par acllel to 

the axis of the burner tube 10), or could be directed 
in a /diverging pattern. , \ . > 

via hole ,51. cind cooling medium delivery means/ 50^ 52 
: (52a) The cooling medium enters plenxmi 53a , and. exits 
. the V bur ner c^!p ^t pughi cool in^ di s ch hoi es 

• 25 . As; with ,th 

:.holes can ;be f ashibm^ produce ah 

optimum H gaseous shield, which? can ; vary depending ■ on 
the ; specific fuel and .oxidizer that feed the .r 

:-(Gombllstio^ shapes of combustion 

initiation end 29 of 'gburneri qa^ 

the entrapment of . the gaseous cooling medium due to 

v.. -^Page — 19- ■ 
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the turbulence b cdinbustibti/ 

^ ^ Cooling medium; plemam453a m so as 

to cool burner cap 20 , before the cooling medixam is 
discharged via holes 25. ' That is, plenum 53a may be 
contained partially within cooling medixjun delivery 
means 52a, and partially within burner cap 20, or even 
entirely within burner cap : 20 

"include, a serpentine path, or bther geometry, in 
order to take heat from any hot spots in the burner 
cap. . ^ " ' ' 

■■A.- ' ■.■ • v.. r. ; .^^ . ■ ; ,. : . • •■ -S ■ ■ . ^ ■ . ■ • •. / . 

Figure 4 is a sectional view of an alternative 
design of a burner "cap." ^ ^ , i ' ^ 

In the burner cap configuration^ illustrated by 
Figure 4,^ the oxidizer and cooling medixjm' are 
discharged into the combustion area via annular 
openings • ^ ^ , . i 

In the burner cap construction^ illustrated in 
Figure 4, Fuel 83 is introduced to. the combustion 
reaction 90 via hole 31' and fuel delivery means 30b. 
The fuel will exit the burner cap through centrally 
. located fuel'^disfcharge I hole 23' . ' . 

V } Eadje - 20 



Oxidizer .84 is intrpciuced to the combustion 
reaction via hole 41' and oxidizer delivery means 42b. 
The oxidizer , enter s "pxidizer . pl ajnd . exits the 

burner cap thrpiagh, aii annulc^r discharge, opening 24' . 

Th^^. size,, . shape.- and^^ 

f uel ^and ■ pxidi^^ ^'^^ iX^^^i^^ 

suit ' varipus:- fuel^ 

Copiing, medixm 85 is introduced : to the j^^^ of 
burner tube 10 via hole 51' and cooling medium 
^delivery .means 52b. The copling; medium enters plenum 
5 3b. and V exit the , burner cap, through ^^^^ 
discharge opening 25/ • As with , the annular opening 
^ f or V thecokidiz for :thi^ ..cpoling- 

j;medi\mi^ in: a f ashion to ^^^^^^ an 

optimiM- gas eoiis^ shield, ^ v^ich ^viaries^ depend the 
speci f i c . f uel .,,^ml ; pM^ zer Jthat; f ee4 the cpmbus t ipn 
reaction • The , co 

end. 29^ of the . bur n^ in, Pigur^;:^ 4,^,i^^^ xip 

by; V theiiyva^ri pjj^v^ shapes; of . t^^ fuel / p:x;idi zer^ 

■C;:rCpPiillg' -m^ , ,,v•■^^^.^..v '.^.V^V ^V.-., 

VFigiJdre: 5,da^,a method of 

bxirning fuel using a burner of the .present inye^^^ 

Fuel 83 and oxidizer 84 .are f.ed to a burner 100 , 
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Gais6ous cooling mediuin; also provided. The fuel 

aiidi oxidizer ax €^ i^^^blved i^l^ combustion reaction, 
axKi th^ pb;t><^ the 
heated cooling fclie buLtn^ 

- ekli^iis t- %aSse^^-^ • ■ f)as s: 

through heat exchanger 101 which is used to increqise 

.. 'the^'iheat^^^^ 

heated ; working fluid ilOb' can be used for vairidus 
purposes. ^ . 

The cooled exhaust gas ses 91b, pass through heat 
exchanger .103 where heat is transferred to makeup 
cooling medium 85a/ As discussed above, the cooling 
medium is preferably water, carbon dioxide, or 'a 
combination^ of ' the two . Heat e^^ 103 can ' be 

used; to convert^liquid water 85a ^ into a gaseous form 
85b that is desirable for keeping heat from reaching 
the burner walls. However, it is -not necessary that 
^ heat exchanger 103 be used to convert licjuid water to 
galseous water. The preheating of carbon dioxide; or a ' 
mixture of water and carbon dioxide could also be 
practiced • Preheated cooling medium 85b exits heat 
exchanger i03, as do further'^ cooled/exhaust gasses 

Some fr^tib can be 
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. drawn from Stream 91c by, a ptjunp or compressor 105. 
The .balance of ; the exhaust gasses' 91d are discharged . 
from the cycle. ; Mixing valve 107 is used to^. combine 
the fraction of exhaust gasses 91d and preheated 
cooling medium 85b to^ make the total inflow of cooling 
medium 85c used to capture the heat of combustion 
before , it reaches the walls , of the burner 100. 

. When the oxidizer used in the burner^ of the. 
present invention becomes richer, in oxygen/ . the 
- combustion products tend to be a combination of water . 
, and carbon dioxide, so that >mixing> of .cool ed^^^^^^^ 
' products with some amount of fresh cooling, medium' 
still results , in a cooling medium that, is primarily . ^^ 
made up, of water and carbon dioxide. A low-pollution : , 
result is achieved by the high, temperature reaction. 

Various control loops can be employed to modulate 
the; various-i aspects of the above -descri cycle, , and 
to, maintain optimiim operation of the burner: unit ^ and 
the heat cycle. ^ / 

The present, invention, described sibove, relates 

J . ' '\ " ' 

to a' burner for high.^ t:eiKrperatur e combustion . Featur es 

of the present invention are recited in the appended 

claims. The drawings contained herexn necessarily 
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depict Structural features: and embodiments of the 
burner for high- temperat\ire combustion, useful in the 
practice of the present invention. 

However, it will be appreciated by those skilled 
in the arts pertaining thereto, that the present 
invention can be practiced in various alternate forms, 
proportions, and configurations. Further, the 
previous ' detailed descriptions of the preferred 
embodiments of the present invention are presented for 
purposes of clarity of understanding only, and no, 
^^^-unnecessary limitations ' should be, implied therefrom* 
Finally i all appropriate mechanical and functional' 
equivalents to' the above, which 'may be obvious to 
those skilled in the arts pertaining thereto, are 
considered to be encompassed' within the claims of the 
present invention. 
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IN THE CIAIMS 

What I claim is: 

- IV A high- temjjerature burner comprising:; 

a hollow burner tube having a combustion end, an 
open discharge end, and an interior wall; 

a burner cap located\at the combustion .end of .,t he 
hollow biirner.' tube; . 



> fuel delivery itie^hs • iii the ;biif her cap 
; / a^ opening for the idi sqhar ge • o f ^^^^^ the; inter ior 

15 of the hollow burner tube, where . the opening for 

discharging : fuel i^^^^^^^^^ th^, longitudinal axis 

. ; of - the hollow buril^rr ;tub : ; - : • - 



^ ■ ; an oxidizer :dell^ !^^' 
having an opening for the -discharge - of < oxidizer to the 
interior of the hollow burner tube, where the? opening 
•for: discharging th^ oxidizer is located between the 
Ibngi tudirial hollow: burner tube land the 

int^'ripr^ w^^ tube; and ^ 



cooling medium. delivery means in the burner cap. 
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having cin opening for J:he^ of a cooling 

iriedixim to the interior of the hollow burner tube; 
where the opening for discharging the. c 
is located between the ppening for discharging the 
oxidizer amd ;the inter^-o^ri^ x^/alfc o 
. tube-v ■ • • 

2. \ .A; high : teinperati^^ 

Claim ± where the hollow burner tiibe is made of a 
ceramic material. \ T 

3. A high temperature burner as 'described in 
.Claim 1 where the hollow burner txjhe is made of 
silicon' carbide material. v ' \ . \ 

'4. A high temperature, burner as ^escribed in 
Claim 1 where the opening for discharging the oxidizer 
is a series of annular-spaced holes and the opening 
for discharging the cooling mediimi is a series of 
annular -spaced holes. - - 

5. A high temperature burner as described in 
Claim 1 where the opening ,fpr , dischkrging. the oxidizer- 
is an annular shaped hole, and the opening ,for^ , 
discharging the cooling medium is an annular shaped 
hole .• .■ ^. . .. ." ■ * ^ ..• . '.. '.-v 

;i Page - 26 
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6. A method of burning materials comprising: 

.(a), providing a burner having . , 

a hollow burner tube haying i a combustion 
5 end, an open discharge end, and an interior 

r .= -;:\wall; - ' '-^^j- ■' '■ 

; a>burhe3:^ caR^ located at tj^ end 
of the hollow burner tube; 
. . , ;-a fjael .(^ in: the bur ne cap, 

10 - . haying an ^o^^ of fuel 

to the interior of the hollow, burner tube , - 
where -the opening f "or dischar ging fuel is ' 

J. \ - . V ' ^ ioqatedm 

-.v;.;-;----' •; :-hollpw,:burn^ ■ • - ■ 

.15 : an^ oxidizer' delivery 

^ . ; ; :eap,^: t hay of 
oxidizer to the inter ior^( 
burner tube/ where the opening for 
. ■ V > . , jdisjqiha^^ 
20 . the iongi tu^^ ^^ifs of the ho 1.1 qv^ 

; tTJbe and the hollow 

- burner tube; and * 
^. ]; r Coolingui^ in. the burner 

; ; s , cap^ ; haViiicjF^ an for, ;the disciharge of 

25 a cooling roiedium tor the interior of the 

hollow burner t\ibe, where the opening for 
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r : discharging: the cooling meciiijro^ is located 
between the opening for discharging the 
oxidizer 2uid the interior;- 
burner tube; . ' 

(b) providing a fuel to the fuel delivery means and 
an oxidizer to the oxidizer deliver means; 

(c) initiating a combustion reaction between the fuel 
and the oxidizer to produce hot exhaust products; 

and • , , 

' ''*(d) providing a gaseous cooling medium to the cboling" 
medium delivery means and inducing a flow of 
gaseous cooling medium between the combustion 
reaction and the; interior wall of the hollow 
burner tube . . . ^ 

7. A method of * burning mater ials as described in 
Claim e, where the gaseous cooling medium is primarily 
water . , ^ \ 

' \ \ B. A- method of burning materials as, described in 
- . Claim 6, where the gaseous cooling mfedium is primarily^ 
a mixture, of ^water and carbon dioxide. 

.^^'Pcige - -.28 
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9. A method of burning materials as described in 
Claim 7 further comprising: 

(e) directing the. ^ exhaust prpducts to a heat 

- .♦...}• v< /.^.:^•.exchanger and. - . .....^jv . v*-- "Si/i • i^^y • 

(f) transferring some of- the heat of ^ 
exhaust products to the cooling medium. 

10 . A inethbd as- described 

in Clal^ e^ ^vfhere the/oxidxzer is enriched air hay in^^ 

o . ; - - 13^^^ ^ ;: tnettiod of burriing; m^ as .. described 

in Claijft /10:>^ the gjaseou^^i^^^^^ medium is 

i2. .A method of burning mat e^^ 
in Claim 10, where; the gaseoua^^^c^^ mefdium is. 

primarily a mixture! of water' and carbon dioxide. 

13 i A method of bxirning materials, as described 
in Claij^^^^ fxrcther coiiaprising: - / 

. (e) directing the hot -exhaust products to a heat/ 
exchanger; and 
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(f), transferring some of the heat of the hot 
exhaust products tO; the cobiihg mediu^^ 

14. A method of burning materials as descriJped 
in Claim 12, where the gaseous cooling medium is 
partially made of the hot exhaust products of the ' 
combustion reaction. ^ ^ ^ „ = 

15. A. method of burning materials as described 
in Claim 14, further comprising: < '\ 

(e) . ^ directing the hot exhaust products to a heat 

exchanger;, and 

(f) ' transferring some of the heat of the hot ^ 

exhaust- products to the cooling mediiim^via 
the heat exchanger. 
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is enhanced by the continuous cascading of 
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DRUM DRYER HAVING AGGREGATE COOLED SHIELDING FLIGHTS 

Background of the Invention 
1/ Field of the Invention 

The invention relates to rotary drum dryers having shielding flights which 
are located in the combustipn zone of the drum and which in use shield the drum 
5 shell from rac^ant heat from the burner flame supplying heat to the drum and, 
more particularly, relates to a method and apparatus for cooling such shielding 
- flights using inateri^^ 

2. Discussion of the Related Art 

Many asphalt production plants ii^cjlude a rotary drum dryer in which virgin 

10 aggregate/is heated and dried and then nuxed with liquid asphalt. Such dryers 
typic^y, comprise a is inclined with respect to the horizontal 

and which has a virgin, agg?^ end thereof and a virgin 

aggi^gate outlet in the lower ctnd thereof . A burner is mounted adjacent one of 
the ends so as to direct a flame generally axially into the drum for heating and 

15 drying the aggregate flowing therethrough. The burner may be moimted either on 
the lower end of title drum, thereby producing a counterflow dryer, or on the upper 
end^ofj the- drum, th^ a parallel flow dryer. In addition, a fixed 

sleeve inay be Qipunted arqimd: the outlet end of the drum to define a mixing 
chaml^er in wluc^ heat^ and dried aggregate may be mixed with recycled 

20 asphalt proHduct (RAP), liquid a^halt, or the lilce^ The combination of such a 
rotary dram and. a fifc^ sloevc is cqimnpnljf Mpwn^a^^ a dryer drum coater or a 
. drum mixer. 

. Rotary drum dryers of the type desfcribed abp^ whether used in asphalt 
production plants or in soil remediation or other plants, are functionally separated 
25 into a combustion zone located in the vicinity of the burner flame and a drying 
zone extending from the combustion zone to the remote end of the drum. 
Shielding is required around the inner periphery of the combustion zone to prevent 
the intense heat radiating from the burner flame from damaging the shell of tiiie 
drum. ^ This shielding was traditionally performed by a refractory liner. More 
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recently, however, this shielding has been performed by shielding flights mounted 
around the inner periphery of the combustion zone of the drum such that the 
flights shield the dmm shell from radiant heat frc)m the burner flame, thereby 
obvia^dngithevnefed for^^a The flights are typically tee shaped and 

S include a shiefding member extending generally parallel to the adjacent portion of 
tt^e drum shell and a post extending radially from the slhielflmg member to the 
dnml shi^ll. Ekamp^ of rotaiy dnkn^^ siich flights are disclosed in 

U.S^ Patent No. 4, 189,3()d to^jpider to Swanson 

(the Swansoh patent). 

10 Since the shieldihg fli^is ii*e ex^^ radiant heat of the burner 

^f^aSnie i^ the fli^^ beci^nei overheated and rapidly 

deteriorate aiid must be^^^^^^ 

signifieaiit lindesi^ Attem^ this 

problem 1^ to bool the flights using; the aggregate in the drum. 

15 For instance, tit^ system propps^^^ i^^ 

flights having radially outwardly projecting legs defining pockets between the 
raid^ outer s^^ ishell of the druni. The pockets scoop up 

aggregate as the flights traverse the lower portion of the drum and hold the 
aggrega^ thro^ rbiation such ttie retained 

This copling is, 

hplyi^er, ii^^ most part held on the flights rather 

th^ ca|^^ of aggregate thus 

rei^iw sul>sta^^ cycle and thus 

themselves tend to become overheated. Moreover^ although the radially projecting 
25 legs defini^ pocketis are'desi^ of materials into the 

burner flame, a significant amoxmt of such showering may nevertheless occur, thus 
at least paurtially quenching the burner flame and decreasing burner efficiency and 
resulting in u^ 

The process disclosed in the Swahson patent employs specially shaped 
30 shielding flints each having a radially outwardly angled leading edge and a 

i^dially ihivaxdly^ l^^ The inwardly angled leading edges dig into 
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the aggregate and cause the flights to be covered by aggregate as they rotate % 
through the bottom portion of the drum. The inwardly angled trailing edges retain 
aggregate for a limited time^as the flights rotate beyond the bottom portion of the 
dfiim; ffiey the^ 

5 in the Idwer^^ of tM:<*nini lifted into the burner flame, thus 

copiii^ the flights wit^^ The cooling 

provided by this ph>cess is , howeveif , necessaily limited by the limited angle' of 
rbtetion tlux>ugh wWct it oc^^ 

Obiects aiid Summary of the Invention 
10 ^ ^ It is therefore an object of the invention to provide a rotary drum dryer for 
^hait 'aggregate or the like employing shielding flights in the combustion zone 
' thocwf aM using * 

• 'ii^fenals-Wthe'dii^ 

' i/>dnpth^ of the invention is to provide a rotary drum dryer of the 

15 . type db^bed above; tfie aidlinig devices of which operate . Wifliout significantly 
'(^liAg'ina^^ 

Another object?of the invention is to provide a. rotary drum diyer of. the 
type described aiwVey tfie cdbling de^ 
Wi^ bkisting^^ffi^ 

20 * Ih accbrd^t^ these objects 

are achieved by providing a diyer comprising a rotary drum having a cylindrical 

■ shelir ^ b^er diir«^ the drum to define a 

combloltioh zbhe thereiH; imd a syst^ positioned in the coinbustion 

lime? flights includes i plurality of relatively large shielding flights 

25 i^(St^ MOiind ai of thfe cylindrical shell; and a plurality of 

i^lativeiy sinaii cooling flights. The copling flights are mounted around the inner 
periphery of the cyliiidrical sheU radiaUy between the shielding flights and the 
iiiet shell and are adajited to shower relatively small amounts of material onto 
outer radial ^aces of adjacent shielding flights upon rotation of the drum to cool 

30 the shielding flights. 
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In order to promote self-cooling while avoiding flame^ (quenchiligi each of 
the shielding flights preferably has an outwardly angled leading edge portion and a 
medial portion extending generally parallel to an adjacent portion of the shelL In 
V t^^ each of the shidding flights should inwardly angled 

5 trailing edge portion; and the leading ed portion^ medial portion, and trailing 
edge? portion should have.transverse, widths, of 3 - inches,^ 6 inches, and 3 inches, 
^ accordingly . . . f . / . , 

Preferably, each ot the coolingLfiights has a leading radial edge positioned 
in general radial alignment with a leading edge of the medial portion of an 
10 ac^acem one of the shielding flights. Each^^ cooling flights is also preferably 

dimensioned so as to (1) define a cup for temporarily holding materials during 
^^^^^^^^ ^ r flights with the drum and (2) shower materials onto an 

adjacent shielding flight through a' designated angle of rotation. To this end, each 
of the cooling flights preferably has a relatively short leading radial edge portion, 
15 A a: relatively long trailing radial edge portion, and a medial portion connected to 
, inner radial ends of the leading edge portion and the trailing edge portion, the 
medial portion extending generally paraUeLtQ^an adjac^^^ portion of the shell. 

V vStill another object of the invention is to provide a method of effectively 
cooling shielding flights of a r;otaiy dr3rer.,drum. ^ 

20 Yet another object of, the invention is to provide a method of the, type 

? descriljed^ above without unnecessarity in the 

drum. 

In accordance with another aspect of the invention, these objects are 
achieved by providing a method comprising directing a flame axially into a 
25? rotating drum to define a combustion zone therein, heating and drying materials in 
the rotating drum using heat from the flame, and shielding a portion of a shell of 
the rotating; drum which surrounds the combustion zone from heat from the flame. 
The shielding step comprises.positioning shielding flighte 

flsucne an tlie flights being attached to and rotating with 

30 the drum, r The inventj^^ lifting relatively small amounts of 

materials from materials accumulated in a lower portion of tiie drum and 
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continuously showering lifted materials onto outer radial surfaces of the shielding 
flights through a designated angle of drum rotation such that the showering 
materials cascade transversely across; and off from the shielding flights. 

Preferably, the lifting and showering steps are performed by cooling flights 
5 attached to the diwn radiall^^^ The 
showering st(^ prcffprably pccure^ approximately 90 

after bottom deiad center and terminatmg at .ap^^^ after bottom dead 

' center. . 

V . Yet another object of ttie ?nvention is to provide a method of the type 
10 described above which does not result in significant quenching of the burner 

■ -"flame.- ■ ■ ■ ■ • ' ■' ■ ■ ' 

This object is achieved by providing a method exhibiting one or more of 
the chso^cteriistics deta^ above and ftirther comprising dire^tii^ at least jnost of 
the c^eaded iMterials back into the lower portion of the drum without contacting 
15 the flaune. 

Otiier dbjectSv featuresv and advantages of the invention will become 
apparent to those skiUed in the art from the fqllowi^ description and the 

accompanying drawings. It should be understood, however, that the detailed 
description and specific examples, . wWIe indicating preferred enibodiments of the 

20 present invention, are given by way of illustration and not of limitation. Many 
changes and inddifications may be made within the scope of the present invention 
without d^arting from the spirit thereof , and the invention includes all such 

.' modifications. 

Brief Description of the Drawings 
25 A preferred exemplary embodiment of die invention is illustrated in the 

accompanying drawings in which like reference numerals represent like parts 
throughout, and in which: 

Fig. 1 is a sectional side elevation view of a dryer drum coater having a 
rotary dryer drum constructed in accordance with the present invention. 
30 Fig. 2 is a sectional view taken along, the lines 2-2 in Fig. 1; and 
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Fig. 3 is a sectioiM view taken along the lines 3-3 in Fig. 1 . 

Detailed Description of the Preferred Embodiments 
1. Resume -.^v • • 

Pi^ the invention- a; rotary dniin diyer is provided having devices 

5 for pboliiyg sh^^ The 
devicie« 

small amounts of materials such as virgin aggregate fi^bin ag^ acciimuiated in 
the^- lower pdWto^ radial 
suif ace of the sluelding^^ upon further rotationcpf the drum, thereby cooling 
10 the shielding flights without substantially decreasing the mekn temperature of the 
aggi^igate. Cooling -e^ 

the; cooling flightS:^ti^^ a substantial 
portion of the drum's rotation. iHie cooling flights and sWeW flights preferably 
cooperate to limit or even prevent the showering of materi^S;?^^ flame 
15 and thus inhibit biraer^ fl quenching and accompany emissions. Particularly 
, pirefeited cobUng^ f^ of auxiliary flights which can be easily 

adapted to existing^^ 

- 2. ^ Svste^- OvelVi^ 

1-3, a rptary dryer drum 12 having ^t^^ 
20 sMeldmg flight copUn a dryer drum 

coater 10 of flie type disclosed in the above described Swsusispn pate^ 
usable in any parallel flow or counterflow rotary drum dryer. The dryer drum 
coater 10 (W)mi^^ 12 and a fixed outer sleeve 14 

mounted on a c6^ in an inclined m^^ The rotary drum dryer 12 

25 is rotatably mounted on the fi^ime 16 by a plurality of bearings 18 and is driven to 
rotate by a suitable motPr 20. A burner 22 directs a flame 24 generally axially 
into the interior of rotaiy^ A 

Rptaiy drum dryer 12 is approximately 30-^50 feet loiig and has a diameter 
of about 6 feet. Rotary drum dryer 12 has at its first (upper) end 26 a virgin 
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aggregate inlet 28 and a combustion products outlet 30, and has at its second 
:Oower) end 32 a plurality of openings 34 forming heated arid dried virgin 
: aggregate outlibts; ' Rotary drum ctoyer 12 also supports a plurality of paddles 36 

extending into a mixing chamber 48 formed between the rotary drum dryer 12 and 
5 th^^^ 

^qpar^^ vicimly of the burner flame 24 

and a drying 2x>ne 40 located between fee combustion zone 38 and fhe first end 26 

bifjiie^d^ 

nioimtiMi o^^^ 12 in the drying zone 

10 46 for lifting iggrcgate ah(tfOT^^^ interior of the 

of diyer 

ditm 12 are a plurality c^^ flights 44 and a like plurality of cooling i 

flights 46 the coristraction a^ below. g 

Outer sleeve 14 is sq>arated fix>m the rotary drum dryer 12 by a sufficient 
15 dtetii^ te^ foAn 48 which is sufficiently wide to provide 

clfeaiirice for the paddles 36V Outer sleeve 14 hais an upper recycled asphalt 
I^batict (RAF) inlet 50;^ a Virgin aggregate inlet 52 cooperating with the openings 
34 bf the rotaty dir^ dryer 12, and an asphalt mix outlet 54. Outer sleeve 14 
also receiv(^ iuHabte for injecting liquid asphalt into the 

■ 20 -'imx^ ^-Ir ■ : ... v.-.^,-:-. 

■ In u^, virgin aggregate k fed intd the virgin aggregate inlet 28 of the 
rotary drum dty a suitable conYeyor 56 and is heated and dried as it 

• ^iVds 4o^wiw2^ in^linied drum 12 counter to the direction of the 

flame 2^^ Heated and dried aggregate in the second end 32 of 

' 25' tti^d^i^ the inlet 50 in the 

si^e\4 i4,ytui intd tfe^ cluimber 48; RAP is simultaneously fed into 

mixing chinb^^^^ a suitable conveyor 58 and is mixed by 

tiie psiddles 3iS with' the hieated and dried virgin aggregate. Liquid asphalt is also 
normally injected at this time, thereby forming an asphalt paving mix. In addition 
30 td iflking the^^ v^ aggregate. RAP, and liquid asphalt, the paddles 36 also 
convey the resuitm mix to tfie mijdng chaniber outlet 54, where the mix is 
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discharged from the^^ d^ 10. Cbmbiistion products formed during 

Operation of the dryer drum coater IQ rise out of the rotary drum dryer 12 through 
bixtl^t 3Q a^^^^^^ 

V. l u ^^^v,- X IG including the rotary dnm 12 and outer 

5 sleeve 14 but excluding the combination of the shielding flights 44 arid the cooling 
flig^J:46 in 
L further detail: 

• riiie^^^ flight 4o-mfe 

I: sheU iSlirom same tinie: (1) . 

10^ < ^n/^oiduig^^^ the-apjirt^ 38, (2) tfl^tively 

- ^ cdbfi^i^iiid and (3) inhibiting 

pr .e^^ri prey^nti^ and 
eassoc^ ; \ 

;3.,-, Construction of Shielding Flights and Cooling Flights 
15 kefeni^ 

shieldiiig^4 in 
the abpve-mentio^ The sjtueld flights 44 should 

extendi far doough throi^ through 
thei-cpi^^ 

20 through a thirty to fifty foot dryer 12, Flights 44 are connected to the dram s^ 
13 by posts 45 spaced longitudinally along the flights 44 and are equally spaced 
about the entire circumference of the inner periphery of the shell 13 of th<2| dnun 
12i Sluelding sufficiendy close to each other so 

that the inner surf ace of the shell 13 is substantially completely shielded from the 

25 radiant heat from the flame 24 i^^^^^^^ zone 38. In practice, the flights 

44 are spaced 12 V4 

inches^ requiring 18 sucii flights/in a dram a diameter of six feet. 

Reifeiri^g 3, e^ch of t^e fU^ 44 is formed from heat 

resistent steel and^includes^ 2i ra<U^ly ,putwa^ edge portion 60, a 

30 medial pbrtion:62 extending gejaeraliy parallel to the adjacent portion of the dryer 
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drum shell 13, and a radially inwardly-angled trailing edge portion 64. In the ; 
illiistrated embodiment, the medial portion 62 has a transverse width of about 6- 
inches and feach of the leading and trailing edge portions 60, 64 has a transverse 
width of about hadf that of the medial portion 62, i,^. , abo\it 3 inches. The 
5 feeding &ige pohibri 6 the shell 13 of the drum 12 at 

ah 2^ ftSm 62v and the trailing 

edge^^i^ 

itogle of abo 70'': The medial pbrdoh 62 is ispaced radially f^ drum shell 
13 by about 5 inches. . . ; v. . j 

10 In order to facilitate the accumulation of aggregate in the bottom of the 

drum 12, a diiin 68 (Fi^ 1) at tte^ frrat end of the combustion 

2»ne 38 adjdc^iit idle virgin aiggregit<i outlets 34V Tiie dam 68 preferably t 
Comprises k plu^ and defines an v 

inside cin^^ei^^ edge which i^ spaced from tfiie shiell 13 of the drum 12 so as 
15 to be coaxiM witti ^le medial portion 62 of the' flights 44. 

Each of the cxNoliiig ffi up relatively small 

ambunts of jua^innulated ag^ bbttorii of the drum 12 and to shower 

thi^ aggregate onto adjacent ishielduig flights 44 upon further rotation of the drum 
li- thereby 
20 desired to' be' usai^ w^ 

in Ae dryer d^^ 12. to this ^n^; tiie cooling ifoght^' 46 ai* with the 

shieidittg flights 44 and eac^^ to th^ inner smrfiic^^^ shell 13 of 

• the dryer toim 12 radially bctweeii a respective one of tiiie shielding flights 44 and 
the diy» dmm sheU^ Eath of tbe cto^ is formed from 1/4 inch 

'. 25 tinci^ lie^ jpesis^ kt6«^^ aiKi has^^^ edge portion 70 welded 

or o&eiwis^ ^ERxed to^^^^^^^^ 

shell, and a relativeiy short leadiiig radial ^ge portion 72 positioned in general 
radi^ aligoment with the itiedial pbrtion 62 of kri adjiceiit shielding fUght 44 to 
define a spout for diower^^ ffie fli^tis 44. Each flight 46 further 

30 includes trahsver^ medial piirtibn 74 coimiMte^ tiie iimer radial ends of the 
leading edge portion 70 aiid the ti^iiig edge portion 72 to define a cup 76 
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between the edge portions 70 and 72 for temporarily holding materials during 
rotation of the auxiliary flights 46 with the drum 12, The trailing edge portion 70 
preferably has a radial length of about 2% inches, the^^^ k^ portion 72 a 

length of about Vi inch, and the medial portion 74 an inside transverse width of 
5 about 2 inches to define a cup 76 cap^^ of aggregate 

, and of showering aggregate onto the flights 44 at an optmum .rate. The radial gap 
between the outer radial end of the leading edge portion 72 and the outer surf ace 
of the medial portion 62 of the adjacent ^shielding flight 44 is similarly sbt 16 about 
2 U inches to optimize! showering. 

.10 4. . Operation of Shielding Flights and Cooling Flights 

In operation, aggregate is fed into the upper inlet 28 of flie inner rotary 
drum 12 by conveyor 56 and is heaced and dried as it travels downwardly through 
the drum 12 as described above. Aggregate in the lower end of the combustion 
zone 38 piles up along the dam 68 and is temporarily retained in this area at a 
15 level above the shielding flights 44 and is thus directly exposed to radiant heat 
from the flame 24. As the shielding flights 44 rotate through the aggregate, a 
portion j^f the aggregate is retam^ 

the flights and is thus lifted to a discharge point located about 150® from the 
, - ^opposite end of the aggregate layer m Thus, the 

20 ; aggregate ;is, exposed to t^^^^^ energy from the burner flame 24 through a 

substantial: pprti is not substantially cooled in the 

, • . combustion zone. The aggregate in: t^^^^^ 

shield this portion of the drum shell, 13 from heat firom the burner 24, 

Since the shielding flights 44 extend below the level of the aggregate in the 

25 bottom of the drum 12 and retain some of this aggregate through another portion 
of drum rotation, the flights 44 are shielded from exposure to radiant energy for a 
significant portion of the drum travel and thus self-coated. This cooling is, 
however, liiaiited by the limited angle of rotation through which it occurs. Further 
cooling: is provided by the cooling flights 46 which scoop up relatively small 

30 portions of aggregate as they traverse the lower portion of the drum 12 and retain 
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this aggregate in their xmps 76 while continuously showering the retained aggregate 
onto the outer radial surf ace of flie medial edge portions 62 of the shielding flights 
44* This showering continues through substantially the entire angle of rotation of 
the drum 12 in which shielding flight self- cooling does not occur and preferably 
5 begins at an angle of about 90** from bottom 4ead center (BDC) and continues 
through an angle of about 270; from BDC. The shielding flights 44 are cooled by 
^ contact with thet showering aggregate; d^^ effect is 

ehhsincbd by^ continuously falls onto the bailing edges 

of the medial portions 62 of the flights 44 and cascades, along the flights 44 before 
10 fallmg off eiflier the trailing edges 64 (occurruig during the early portion of the 
cooling cycle) or the leading^ e^ (occuirihg during the medial and latter 
portions of the cooling cycle) . Shielding flight cooling is enhanced by the fact that 
the outwardly angled leading edges 60 of the shielding flights 44 retard cascading 
of the aggregate along the flights 44, at least during the medial and latter portions 
15 of the cooling cycle, 

Thie cooling flights 46 provide distinct advantages not provided by the prior 
art cooling devices described aboye. Continuous showering on and cascading of 
fresh aggregate along the shielding flights 44 result in significantly enhanced 
cooling as conq>aied to that achieved through the use of flights. disclosed in the 
20 Butler patent in which essentially the isaine aggregate always remains in contact 
with the shielding flights throughout the cooling stage. These results are enhanced 
by using shielding flights 44 of the type described above which aire to a limited 
extent self-cooled and by dimensioning the codling flights 46 such that they cool 
the shielding flights 44 through substantially the entire angle of drum rotation in 
25 which the shielding flights 44 are not self-cooled. Moreover, since only relatively 
small amoimts of aggregate are required for cooling with the remaining aggregate 
being exposed to radiant heat from the burner flame 24, the mean temperature of 
the aggregate in the drum 12 is not signiflcantly reduced. Finally, since the 
relatively wide flights 44 prevent the showering of aggregate directly into the 
30 flame 24 from above, and since the outwardly angled leading edges 60 of the 

shielding flights 44 direct cascading aggregate toward the shell 13 of the drum 12 
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rafher than toward the interior of the drum 12 during the medial and latter portions 
of the cjodling cycle, flow of aggregate into the burner flame 24 is substantially 
inhftiited OT or preventing flame quenching. 

Maxixnuiii cooling is tlu^ aK:We^d'Using Only a limited amoui^ while. 
5 biirner flame quenching is sii^ 

■ Without departing from the spmt thereof . For instance, as discussed aboye, the 
mvi^ye w 
: ftheit^p^ 

10 Moreover^ the myehtive cool^ use in asphalt drum 

^:niix6ire;:b^ drum 
diyer havii^ a com^^ siuelded by sluelding^^fl^ The scope of these 

andiotlier ic 
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I Claim: 

1. A diyer comprising: 

A. a rotary dbriuii haying a cylindric?il shell; 

B. a burner directing a flame generally axially into said drum to define 

i ^ V r<l)N^^ : i piuial^ flights mounted 

arbiind ah inner periphe^ 
10 :(2>^ : : V 

: i : V kiB'^. : V; > ? , ^:>:i^' said^ periph^ sheU and being |y 

/ " ; • / -v--' ? ai^^ amounts of a material 

■ v'f 15 i^- . < i ^ • • ^ > ^ > ^ i ? dhto outer radial suiflaces of kd^jacept shielding flights iipon 

.2f '>>hA ^ 
^ radially oiitwsurdly^^a^ edge portion and a medial portion 

ektecidi^ shell. 



20 / 3.^ A dryer as defined in claim 2, wherein each of said sWelding fligl^^^^^ 
- / ^^ pbrtioni sai4 leading/ 

:bdg^^^^^^ haying transyeft^ 

;;Widtl^;bf 3 ii^^ 

4. A di?c^er^ in cl^m 2, wherein eaph oif said shielding flights 

25 - additipriaUy cbrttp post OTnn^:tdng said naed^ portion to said 
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A dryer as defined in claim 2, wherein each of said cooling flights has a 
leading edge positioned in general radial alignment with the medial portion 
of an adjacent one of said shielding flights. v ' 

■. -. •■ ■ • ■ ' • ■ • 

A dryer asMefined in claim 1; wherein each of said cooling flights is 
diniehsioned so as to (1) define a cup^^^te^^ holding said material 

during rotation of said cooling flights with said drum and (2) shower said 
material onto an adjacent shielding flight^^^^to angle of 

rotation. . / 

r •■ =..1 ■> •.• : , i. ' : ' .• • .-=/■ f.'' .-. j • . . .■ . > ■ ." " .. , . :: 

A dryer as defihed in claim 1; wherein each of said cooling flights has a 
s relatively short leading radial edge porti a relatively long trailing radial 

edge portion, and a medial portion connected to inner radial ends of said 
^ leading edge portion andt said trailing edge portion, said niedial portico 

extending generally in parallel to. an adjacent portion of said shell.. 

A dryer as defined in claim 7, wherein said leading edge portion has a 
radial length of about inch, said trailing edge portion has a radial length 
of about 2Vi inches, and said medial portion has zn inner transverse width 
of about 2 inches. . ' / . 

A dryer as defined in claim 1, wherein said rotary drum is a counter flow 
type drum having an aggregate inlet located adjacent a first end thereof, an 
aggregate outlet located adjacent a second^^end thereof, and having said 
combustion zone located adjacent said second end. 

Jiiiiiilili^ 

A dryer as defined in claim 1, wherein said rotary drum is designed to heat 
u and dry vii^inUggregate;; and vfurther con[ip)ri a fixed sleeve surrounding 
rii said^rotary drum to define a 

dried virgin aggregate with othe = 



wo 95/30522 



PCT/US95/05410 



15 - 



11. A method comprising: 

A. directing a flame generally axially into a rotating drum to define a 
combustion zone therein; 

B, heating and drying matetrials in said rotating drum using heat from 
■■5- * '-Midflaiaae;-r . 

C. shifeidjiiga 

said! cdmbuistion zone frdm heat from said flame,, said shielding step 
■ cbtnprLsing positiorivig shielding flights radially between said flame 

10 rotatmg with said di um;^ 

D, cooling said shielding flights i said cooling s^^ 

" ^5 reiativ^ frorn materials if 

' : ^ - lower portion of s^^ drum and coiitinuoiisiy 

: siio\^^ lifted mate carter stufiaces; of sa^ flights 

15 iOirOTgtf ^ that the showering 

V mate 



fUghts? 



12 i ^ 

of th? cascaded^^^ n^^ 
20 contacting s^d flame. 

13: \ sho\vering steps 

are^^^ 

saidslibld^ 

' ^ 14: • showerihg. steps 

25 ir6 J^^^ has a relatrvp]^ short 
ieacttng^ra^ 

and a mediid portipn cbimected tb inner radial ends of said leading edge 
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portion and said trailing edge portion, said medial portion extending 
generally in paraUel^^^^^ 

15 . A method as defined in claim 11, wherein said showering step occurs 
through an angle beginning at approximately 9^^ 

5 and terminating at approximately 270 after bottom dead center. 

' > : .\ ^ ' \ . ■ \- •" ' . - ••■ ■ ■■■ 

16. ^ A method as defined in claim 11, wherein isaid cpbling ste^^^ 

comprises immersing said shielding flights in said accumulated niaterials; 
prior to said lifting and; showering step^ 

17. .A nieihbd as defined in claim 11, wherein said heating and drying step 
10 comprises conveying said materials through said dram counter to the 

direction of said flame. - - 

18. A method as defined in claim 17, wherein said materials comprise virgm 
aggregate, and further comprising discharging heat^^ 

aggregate from said drum into a mixing chamber surrounding said drum 
15. andvmixiiig said heated and dried virgin aggregate with other a 

, .projiucts. . . 

19. A method comprising: 

A. directing a flame axially into a rotating drum to define a combustion 
zone therein; 
20 TB. heiating and drying niaterials^^ 

said flanie; 

C. shielding a portion of a shell of said rotating drum which surrounds 
; saidi combustion zone from heat from said flame, said shielding step 
comprising positioning shieldrng - flights radially between said flame 
25 , and said portion of said shell, said flights being attach^ to aiid 

rotating with said drum; and 
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D. cooling said shielding flights, said cooling step comprising said 

lifting materials from materials accumulated in a lower portion of 
said drum and continuously showering lifted materials onto outer 
radial surfaces of said flights through at least about 180** angle of 



dium rotatidn such that the showering materials cascade transversely 
across and off from said shieldmg flights. 



20. A method as defined in claim 19, further comprising immersing said 
shielding flights in said accumulated materials prior to said lifting step. 

21. A dryer comprising: 

10 A; a rotary drum having a cylindrical shell; J 

B. ' a bunier directing a flame generaUy axially into said drum 
a combustion zone therein; and 

C. a system of flights positioned in said cpmbiistioh zptc^^ 

, V ^ ^ ' •> , V ■•■...v.,... V ...... , . 

. of flights including : 

15 (1) a plurality of relatively large shielding fiigh 

ardimd an inner periphery of said cylmdric^ 

(2) a plurality of relatively smaU cooljmg flig^ 

flights being moiinled around said im 

cylindrical shell radiaUy between sud sUtsiding flights and 

20 said inner periphery of said cylincmcal sheU m 

^ :'''v ' ■ ■ 

adapted to shower relatively small amounts of a material 

onto an outer radial surface of an adjacent shielding flight 

upon rotation of said drum so as to cool said shielding 

flights; 

25 wherein each of said shielding flights has a medial portion extending 

generally pfarallel to an adjacent portion of said cylindrical shell. 
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. > AMENDED CLAIMS 

[received by the International bureau on 23 October 1995 (23.10.9i5); 
original claims 1-21 replaced by amended claims 1-21 

1., A diyer comprising: 
Ai arotaiy;d^ 

P- , * burner directing a flame generally axially into said drum 

substantially coaxial with a! center axis of said (^lindiical shell to 
5 . ; define a combustion-^Eone therein^^ 

C. , a system of flights positioned in said combustion zone, said 

^: V s^ 

. , , . ^ plurality of relatively large shielding flights mounted 

, . around an inner perijiheiy of said cylindrical shell; and 

(2) apluralityof relatively small cooling flights, said -cooling 
flights being mounted around said inner periphery of said 
cylindrical shell radially between said shielding flights and 
said inner periphery of said cylindrical shell and being 
adapted to shower relatively small amounts of a material 

r J i ' ..V - 

onto outer radial surfaces of adjacent shielding flights 
. ^ ^pon rotation of said drum to cool said shielding flights. 



15 



2. A dryer comprising 

A. a rotary drum having a Qrlindrical shell; 

a buiTier directing a flame generally axially into said drum to 
20 define a combustion zone therein; and 

C. a ^tem of flights positioned in said combustion zone, said 
system of flights^ including 

(1) a plurality of relatively large shielding flights mounted 
around an inner periphery of said cylmdrical shell; and 

. . (?) plurality of relatively small cooKng flights, said cooling 

flights being mounted around said inner periphery of said 
cylindrical shell radially between said shielding flights and 

said inner periphery of said cylindrical shell and being 
adapted to shower relatively small Amounts of a material 
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onto outer radial surfaces of adjacent shielding flights 
upon rotation of said drum to cool said shielding flights, 
; whei:eia each pf said s^^ outwardly: angled 

leading edge portion and a meidial poxtion extending generally in 
5 pariMlel to an adjacent portion of s^^ 

V . A shielding flights 

; ^: : fa 

- le^dm 

transverse widths of 3 inches, 6 inches, and 3 inches, respectively. 

10 4: : shielding flights 

U'^^^ additiq^ 

>;v ^Nj,.y;^said^ . = 

5, A dry^^^^^ 
, . . ■ -leia^^ 

■ 15 V • ^vv^^ ppiti - 

< . . V * 6. ^^^^ Af^dr>^ a$ d(^^ 

Vdiinensicoied sb as^ ^ 

^^^^^ V 

' i sh flight tl>f pugh a 

'' : -20' -V-^'^' dedgnated M ' " 

7i^^^ :^^ 

^ ^ ^ - * ' ' 1^ portion connect to inner radial 



eni^ pbrti trailmg edge portipn^ said 



25 ' ^ • medial^ p^^ eirteiidiiijg g^^ to an adjacent portion of 

^"^ 'Said:^sh4ll.' '^'^ HAv/- ^ -/.y^- ■ ' 
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8. A diyer as defined in claim 7 

radial length of about V4 i^^ trailing edge portion has a radial 

lengthvof about 2V^ inches^ and sai has an inner 

' transverse width of about 2 inches. . 

5 9. A dryer as defined in clajn 2, wherein said rotaiy drum is a counter 
^ ^ flow type drum having an aggregate inlet located adjacent a first end 
^ thereof, an aggregate outlet located adjacent a second end thereof, and 
having said combustion zone located adjacent said second end. 

10. A dryer as defined in c^^ 2, wherein said rotary drum is designed to 
10 heat and dry virgin aggrefsete, and further comprising a fixed sleeve 

encirclijig at least a portion of said cylindrical shell of said rotaiy driiin 
to jiefine a mixing chamber for the mixing^^^^^o^^^ virgin 
- aggregate with other asphaltic products.. 

11. ( A method pomprising: . . \ , ; u .^^i. 

15 ^ \ A. directing a. flame generally axially into a rotating drum to define 

/ a combustion zone therein; 

B. heating and, drying materials in said rotating drum using heat 
from said flame; 

C. shielding a portion of a sheU of said rotating druni which 

20 surrounds said combustion zone from heat from said flame, said 

shielding step comprising positioning shielding flights radially 
between said flame and said portion of said shell, said flights 
: ^ ^ * being attached to, and: rotating with said drum; and 

.1 ^ . , . D. >: cooling said shielding flights, said cooling step comprising lifting 
r 25 , ;i ^ relatively smaU amounts. of said materizds fr^ 

. ; . accumulated in ^a lower.pprtion of said drum* and continuously 

^ . , showering lifted materials, onto outer radial' surfaces of said 

flights through a design that the 
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showexiiig materials cascade transversely across and off from said 
^ shielding flights. > 

12. A method as defined in claim U, furtheir: comprising directing at least 
most of the cascaded materials back mtp said low pprtion of said 

5 drum without contacting said flame. 

13. A inethod as defined in claim ;11> whereiii said lifting iand showering 
steps are perfpnn^d^^b^^ 

^ between s 

14. - A method as? lifting and shovsrering 

10 v/c 

^^ ^^^ 'i^^ 

^ f ;^d 

---IS-- --^''^^Vm^^ ' 

^ - ^ 15 . fc A nS^^ 
^ - ' thi:bug^^^^ 

1^^'- f-gr/^^lij^ said^cop^ further 

^ - 20- t c^ 



priicirl^^ 

17. >^ toetHp^ damtt ^ieire^^ said heating and drying step 

0 ' ' cbiniirises conveying said ihkterials through : said idnim counter to ttie 
dii^^tectibn of said flsume/ 
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A in^thod as' defined in daim 17, comprise virgin 

aggregate, and further comprising discharging heated and dried virgin 
aggregate from said drum into a mixing bhamber surroiinding said drum 

' aiid inixmg^^^^^ aggregate with other asphaltic 

^'fiirbducls., •« /v . . - ^. ' 'r 

A method comprising: 

A: directing a flame axially into a rotating drum to define a 

combustion zone therein; 
B. . heating and drying materials , in said rototing dnim usijag heat 

from said flame; 
G.K : ^ shielding a portion of a; sheU of said rotating dr^ 

. surrounds said combustion;zon from heat from said flame, said 
V ^ ^ shieldm 

I , between said flame and ssud portion; of said shell, said flights 

being attached to and rotating with said drum; and 
D;;, , cpoling said shielding flights, said coolmg step comprising sa.id 

lifting materisdsfrt^ 

of said drum and continuously showering lifted materials onto 
outer radial surfaces of said flights through at least about 180** 
angle of drum rotation such that the showering materials cascade 
transversely a^^ shielding flights. 

, A method as defined in claim 19, further comprisi^ 
shielding flights iu said accumulated materials prior to said lifting step, 

A dryer comprising: 
* A. a rotary drum having a cylindrical shell; 
:6:-> a bnrner directing a flame generally axially into said drum to 
define a, ccxmbiistiQ^ ;^ 
C. a system of fUghts positiorie said combustion zone, said 
system of flights including 
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10 



(1) a plurality of relatively large shieiding flights mouBted 
around an inner periphery of said cylindrical shell; and 

(2) ^. ; ajpluraU^^ small coolmg flights, said cooling 

flights being ihoun around said inner peripheiy of siaid 
cyrlindricai sheli radially isaid shielding flights and 

said injier of skid cylindnca shell and being ' ' 

: adapted tb; shower 
onto an outer radial surface of an adjacent shielding flight 
" uj^on rotation <^^^^^ 



gwiCTal^ 
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STATEMENT UNDER ARTICLE 19 

The claims have been replaced wiA substitute claims to clarify the claims and 
mbriB completely claim the invention; The correspondence between the original 
claims and the substitute claims is identified in the claim correspondence chart 
attached to this statement as "Appendix A." 

Substitute claim 1 has been amended to recite "a burner directing a flame 
generally axially into said drum substantially coaxial with a center axis of said 
cylindrical shell to define a combustion zone therein." Substitute claim !■ has been 
rewritten in independent form to include the limitations of original claim 1. 
Substitute daim-lb' has been amended to recite "a iEixed^^s^ a 
portion of said cylindrical shell of said rotary drum." Substitute claims 6, 7 and 9, 10 
depend from claim ,2. ; ^. ' ' . 
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